Purpose. To evaluate the clinical activity of a sequential treatment with Adriamycin followed by CMF (cyclophosphamide, methotrexate, fluorouracil) and the relative therapeutic contribution of the two drug regimens given at full conventional doses in metastatic breast cancer.
INTRODUCTION
The introduction of Adriamycin in various drug combinations for the treatment of metastatic breast cancer was able to achieve objective responses in 60%-70% of patients. Overall, complete remission rates never exceeded 20% and objective responses lasted between 8 and 10 months [1] . However, none of the conventional chemotherapy regimens proved to be clearly superior to the others, and the investigators focused on treatment dose intensity, suggesting that it could be a major determinant for patient response and survival [2] .
Recently, the 10-year results from a prospective adjuvant study carried out at the Istituto Nazionale Tumori of Milano in women with operable breast cancer and more than three positive axillary nodes documented the superiority of the sequential administration of Adriamycin followed by CMF over the alternating delivery of the same drug regimens or of other conventional combinations [3] . We postulated that the sequential administration of the two drug regimens, coupled with the intensity of the anthracycline, which was delivered at the full dose of 75 mg/m 2 every three weeks for four cycles, accounted for this outcome. Nonetheless, in the adjuvant setting it is impossible to separately evaluate the relative efficacy of each drug regimen. In the attempt to assess the relative contribution of the two regimens, we activated a nonrandomized trial in patients with metastatic breast cancer not previously subjected to chemotherapy.
PATIENTS AND METHODS

Patient Selection
Patients who entered this study were required to meet the following criteria: histologically proven invasive breast carcinoma; disease extent measurable either by physical examination, x-rays, computed tomography, or nuclear magnetic resonance; no prior chemotherapy; no medical contraindications for the administration of the planned drugs. Patients with central nervous system localizations or with bone lesions as the only site of metastasis were considered Zambetti, Giacobone, Terenziani et al. 224 ineligible. Hematologic and blood chemistry levels within normal limits were mandatory unless the pathologic values were clearly related to the disease extent.
Drug Administration and Dose Modification
The treatment program consisted of Adriamycin delivered i.v. at the dose of 75 mg/m 2 every three weeks for four cycles and followed by CMF (cyclophosphamide, 600 mg/m 2 ; methotrexate, 40 mg/m 2 ; fluorouracil, 600 mg/m 2 , on days 1 and 8) given i.v. every four weeks for four cycles. Treatment was always delivered in the outpatient clinic. According to the criteria conventionally adopted in the adjuvant setting, a delay of one week was considered in the presence of white blood cell count <3,400/mm 3 , and platelet count <100,000/mm 3 on the planned day of treatment administration. Dose reduction was performed only if hematological toxicity persisted for more than two weeks. All patients received antiemetic support with granisetron or tropisetron plus dexamethasone.
Response Assessment
Pretreatment evaluation included physical examination, blood chemistry, and cardiac evaluation with electrocardiographic record. Radiological staging consisted of chest x-ray, bone scan with skeletal survey in the presence of scintigraphic positivity, echography of the abdomen and pelvis, and mammography whenever indicated. The peripheral blood cell count was repeated before every treatment cycle, while renal and liver function tests as well as cardiac evaluation were planned after the last dose of Adriamycin and after the completion of the entire treatment program. The therapeutic activity of the two drug regimens was evaluated by monthly physical examination and by the comparison of radiographic pathologic findings performed after the last dose of Adriamycin and at the completion of the treatment program unless required more frequently because of individual situations. In particular, the disease extent after Adriamycin represented the baseline evaluation for assessing CMF clinical efficacy. Patients requiring major procedures (i.e., laparoscopy or bone marrow biopsy) were assessed only at the end of the entire treatment program.
A complete response (CR) was defined as the complete disappearance of all clinical and radiological signs of disease. A partial response (PR) was defined as >50% reduction in the product of the two largest diameters of measurable disease with no progression in any site. In patients with multiple lesions including bone metastases, a radiographic or scintigraphic stabilization of osseous lesions for at least six months was required to qualify for a partial remission. Freedom from progression and overall survival were computed from the first dose of Adriamycin using the product-limit method [4] .
Patient Characteristics
From August 1990 to February 1993, a total of 44 evaluable consecutive patients entered this prospective nonrandomized study. Table 1 outlines the main characteristics. Thirty-two patients presented with metastatic breast cancer at diagnosis, whereas the remaining 12 women had a median disease-free interval of 28.5 months (range: 6-131) from surgery. The majority of patients had a Karnofsky performance status of 90.
In 11 cases, a single disease localization was documented, while in the remaining 33 patients, multiple lesions were detected. Visceral metastases were documented in 18 patients (41%), some of whom presented with multiple sites (lung, 6; pleura, 3; liver, 5; ovaries-peritoneum, 6; others, 6); bone involvement was documented in 18 cases (41%) (lytic, 3; mixed, 5; osteoblastic, 4; positive bone scan, 6) and 35 patients (79%) presented with soft tissue metastases (breast and axillary nodes, 25; supraclavicular nodes, 23; chest wall, 4; others, 7).
RESULTS
Therapeutic Efficacy
The relative therapeutic role of the two drug regimens could be assessed in all but three patients who were evaluated only at the end of the entire program since they required a major procedure (laparoscopy or bone marrow biopsy).
After four cycles of Adriamycin, 31 of 41 evaluable patients (76%) achieved an objective tumor response, including seven (17%) complete remissions. Two patients progressed while on therapy and in the remaining eight cases a minor response or disease stabilization was demonstrated.
As far as assessment of the therapeutic activity of CMF was concerned, only 33 of 41 cases presented with measurable disease at the beginning of treatment. In fact, seven patients continued to maintain the complete remission achieved with Adriamycin, while one woman with partial response died because of myocardial infarction after the first cycle of CMF. CMF was able to induce a complete remission in four partial responders as well as in a patient with stable disease after Adriamycin (Table 2 ). In addition, one woman who showed only minimal response after the anthracycline achieved PR with CMF, whereas further tumor shrinkage was documented in 15 of the remaining 19 partial responders. At the end of the entire sequential treatment, 12 complete and 20 PR were documented in the 41 women evaluable for the separate analysis of the two drug regimens. One additional complete remission was achieved in the remaining three patients; therefore the response rate of the sequential regimen was 75%. The frequency of CR was greater in the presence of a single disease site (56%) than in patients with multiple lesions (22%). In particular, complete remission was documented in five patients presenting with supraclavicular node involvement alone, in three patients with locally advanced breast cancer and adenopathies, and in five women with visceral involvement, whereas we failed to document complete bone recalcification. Table 3 shows the response rate according to sites of metastatic disease and also stresses the high incidence of remission in visceral localizations. Sixty-four percent of symptomatic patients experienced a complete relief of their symptoms.
At the end of the planned treatment, 38 patients received additional systemic treatment (chemotherapy: 6; hormonal therapy: 32) which was selected according to estrogen receptor status and/or dominant sites of disease. Figure 1 displays the overall freedom from progression and survival for the entire case series of 44 women. At four years from starting Adriamycin, 61% of the patients were still alive and the median time to progression was 16 months. At the time of present analysis, only 4 of 13 complete responders showed new disease manifestations as compared with 18 of 20 partial responders. As far as total survival is concerned, 12 of 13 complete responders were still alive as compared with 46% of partial responders. Zambetti, Giacobone, Terenziani et al.
226
Toxicity Sequential Adriamycin and CMF therapy was completed in all patients according to the planned program. A total of 500 chemotherapy doses was administered. Treatment delay or dose reductions due to myelosuppression were documented in 11% of cycles (56 of 500). Hematological toxicity was more frequently observed on day 8 of CMF (Table 4) and consisted mainly of leukopenia. A platelet count below 100,000/mm 3 was never recorded. One patient died because of acute myocardial infarction after the first CMF cycle. She had no history of risk factors for cardiac disease and her cardiac tests before and after Adriamycin treatment were within normal values. Another woman, with aspecific abnormalities of ST-T waves at baseline electrocardiogram, developed transient and asymptomatic signs of ischemic heart disease four months after completion of the treatment program. During Adriamycin treatment, gastrointestinal disturbances of grade 3 were recorded in 9% of patients and grade 2 mucositis occurred in 9% of cases. The corresponding figures for CMF were 2% and 11%, respectively. Five patients experienced grade 2 transient increase in liver enzymes during CMF administration. Three patients developed non-neutropenic febrile episodes, which, however, never required hospital admission. At the end of the sequential treatment, iatrogenic amenorrhea occurred in 77% of premenopausal women.
DISCUSSION
Present data confirm the therapeutic activity of the sequential administration of Adriamycin and CMF and indicate that, in measurable metastatic breast cancer, both Adriamycin and CMF contributed to tumor shrinkage. After four cycles of the anthracycline, the observed response rate was 75%. As a consequence of subsequent CMF, four partial responders and one minor responder obtained complete remission, shifting the complete remission rate from 17% to 29%. In addition, we documented further shrinkage of metastatic lesions in 16 other patients.
Some considerations on the therapeutic activity of CMF following an Adriamycin-containing regimen may be drawn from one of our oldest studies in metastatic breast cancer [5] . One hundred and ten patients were randomly allocated to receive treatment with CMF or Adriamycin and vincristine (AV). In the AV regimen, eight total courses were planned and treatment was then switched to CMF because of the potential risk of cardiac toxicity after a planned cumulative dose of 480 mg/m 2 of the anthracycline. Additional treatment with CMF after AV almost doubled the number of complete remissions (CR: 8% to 15%), all of which were obtained in responsive patients. In addition, crossover treatment with CMF after progressive disease on AV resulted in a response rate of 35%. Similar results were observed by Tormey et al. [6] , who reported a 35% response rate (including 9% complete remissions) in patients crossed over to CMF after failure on AV. These two studies, as well as the present one, confirm that, at least on clinical grounds, Adriamycin and CMF can be considered as non-cross-resistant regimens. The results documented in the present study also confirm that, in patients with measurable metastatic breast cancer, the reported increased relapse-free and overall survival in the adjuvant treatment of high-risk operable breast cancer [3] may not be entirely ascribed to Adriamycin alone and that the inclusion of CMF into a sequential treatment approach is able to obtain additional therapeutic advantage. However, it is important to point out that, considering the fact that 38 patients received additional systemic treatment, the longterm results should not be interpreted as exclusively obtained by the presented chemotherapeutic regimen.
Admittedly, conventional regimens with Adriamycin concomitantly combined with cyclophosphamide ± fluorouracil (AC, FAC) are able to induce therapeutic results similar to those reported after our sequential approach [6] [7] [8] [9] [10] [11] [12] . In particular, the M.D. Anderson investigators [7] documented a response rate of 75%, including 17% of complete remissions after the FAC combination. This Adriamycincontaining regimen was delivered up to a cumulative dose of 450 mg/m 2 for the anthracycline, and nine cases (6%) of congestive heart failure were reported. The clear-cut relationship between Adriamycin dose and toxicity is well-known, in particular at the cardiac level, with a reported significant reduction in left ventricular ejection fraction in up to 61% of patients treated with a mean dose of 495 mg/m 2 [10] . In our sequential regimen, four cycles of Adriamycin given for a cumulative planned dose of 300 mg/m 2 were able to achieve a response rate similar to the one reported by investigators from M.D. Anderson and were associated with a very low incidence of cardiac toxicity. The subsequent addition of First-Line Chemotherapy in Metastatic Breast Cancer CMF was able to double the rate of CR. For these reasons, we believe the sequential administration of Adriamycin and CMF has an important role in the treatment of breast cancer patients with metastatic disease and warrants the assessment of its efficacy in a prospective randomized study in comparison with a more conventional regimen.
In the last few years, the introduction of paclitaxel and docetaxel offered a substantial therapeutic advantage in the treatment of metastatic breast cancer patients. In particular, the association of these drugs with Adriamycin in the frontline treatment showed an increase in the overall response rate up to 95%, including 40% complete responders [13] [14] [15] [16] .
Because of the risk of cardiac toxicity, the administration of this drug association cannot be prolonged beyond four to six cycles. In this perspective, the availability of a non-crossresistant regimen is warranted for patients needing a more prolonged treatment.
